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(57) ABSTRACT

A container, such as a beverage or food can is provided,
which includes a first sidewall, a second sidewall and a
bottom portion extending between the first and second
sidewalls. The material of the bottom portion is stretched
relative to the first sidewall and the second sidewall to form
a thinned preselected profile, such as a dome. The material
of the container at or about the dome has a substantially
uniform thickness. The container is formed from a blank of
material, which has a base gauge prior to being formed.
After being formed, the material of the container at or about
the dome has a thickness less than the base gauge. Tooling
and a method for selectively forming a blank of material into
a container, are also disclosed.
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1
CONTAINER, AND SELECTIVELY FORMED
CUP, TOOLING AND ASSOCIATED METHOD
FOR PROVIDING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of application Ser. No.
12/902,202, filed Oct. 12, 2010, entitled “CONTAINER,
AND SELECTIVELY FORMED CUP, TOOLING AND
ASSOCIATED METHOD FOR PROVIDING SAME,”
which is incorporated by reference as if fully set forth
herein, and claims the benefit of Provisional Application No.
61/253,633, filed on Oct. 21, 2009, entitled “CONTAINER,
AND SELECTIVELY FORMED CUP, TOOLING AND
ASSOCIATED METHOD FOR PROVIDING SAME,”
which is incorporated by reference as if fully set forth
herein.

BACKGROUND

1. Field

The disclosed concept relates generally to containers and,
more particularly, to metal containers such as, for example,
beer or beverage cans, as well as food cans. The disclosed
concept also relates to cups and blanks for forming cups and
containers. The disclosed concept further relates to methods
and tooling for selectively forming a cup or bottom portion
of a container to reduce the amount of material in the cup or
bottom portion.

2. Background Information

It is generally well known to draw and iron a sheet metal
blank to make a thin walled container or can body for
packaging beverages (e.g., carbonated beverages; non-car-
bonated beverages), food or other substances. Typically, one
of the initial steps in forming such containers is to form a
cup. The cup is generally shorter and wider than the finished
container. Accordingly, the cups are typically subjected to a
variety of additional processes that further form the cup into
the finished container. As shown, for example, in FIG. 1, a
conventional can body 2 has thinned sidewalls 4,6 and a
bottom profile 8, which includes an outwardly protruding
annular ridge 10. The bottom profile 8 slopes inwardly from
the annular ridge 10 to form an inwardly projecting dome
portion 12. The can body 2 is formed from a blank of
material 14 (e.g., without limitation, sheet metal).

There is a constant desire in the industry to reduce the
gauge, and thus the amount, of material used to form such
containers. However, among other disadvantages associated
with the formation of containers from relatively thin gauge
material, is the tendency of the container to wrinkle, par-
ticularly during redrawing and doming. Prior proposals
have, in large part, focused on forming bottom profiles of
various shapes that were intended to be strong and, there-
fore, capable of resisting buckling while enabling metal
having a thinner base gauge to be used to make the can body.
Thus, the conventional desire has been to maintain the
material thickness in the dome and bottom profile to main-
tain or increase strength in this area of the can body and
thereby avoid wrinkling.

Tooling for forming domed cups or can bodies has con-
ventionally included a curved, convex punch core and a
concave die core, such that a domed can body is formed
from material (e.g., without limitation, a sheet metal blank)
conveyed between the punch core and the die core. Typi-
cally, the punch core extends downwardly into the die core,
forming the domed cup or can body. In order to maintain the
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2

thickness of the domed portion, the material is relatively
lightly clamped on either side of the portion to be domed.
That is, the material can move (e.g., slide) or flow toward the
dome as it is formed in order to maintain the desired
thickness in the bottom profile. Doming methods and appa-
ratus are disclosed, for example and without limitation, in
U.S. Pat. Nos. 4,685,322, 4,723,433, 5,024,077, 5,154,075,
5,394,727, 5,881,593; 6,070,447, and 7,124,613, which are
hereby incorporated herein by reference.

There is, therefore, room for improvement in containers
such as beer/beverage cans and food cans, as well as in
selectively formed cups and tooling and methods for pro-
viding such cups and containers.

SUMMARY

These needs and others are met by embodiments of the
disclosed concept, which provide metal containers, such as
beverage and food cans, cups and blanks for forming cups
and containers, and methods and tooling for selectively
forming a cup or bottom portion of a container to reduce the
amount of material in the cup or bottom portion.

As one aspect of the disclosed concept, a container
comprises: a first sidewall; a second sidewall; and a bottom
portion extending between the first sidewall and the second
sidewall. The material of the bottom portion is stretched
relative to the first sidewall and the second sidewall to form
a thinned preselected profile.

The thinned preselected profile may be a dome. The
material of the container at or about the dome may have a
substantially uniform thickness. The container may be
formed from a blank of material, wherein the blank of
material has a base gauge prior to being formed. After being
formed, the material of the container at or about the dome
may have a thickness less than the base gauge. The thickness
of the material at or about the dome may be about 0.0003
inch to about 0.003 inch thinner than the base gauge.

The container may be formed from a blank of material,
wherein the blank of material has a preformed dome portion.

As another aspect of the disclosed concept, tooling is
provided for selectively forming a blank of material into a
container. The container includes a first sidewall, a second
sidewall, and a bottom portion extending between the first
sidewall and the second sidewall. The tooling comprises: an
upper tooling assembly; and a lower tooling assembly. The
blank of material is clamped between the upper tooling
assembly and the lower tooling assembly, proximate to the
first sidewall and proximate to the second sidewall. The
bottom portion is stretched relative to the first sidewall and
the second sidewall to form a thinned preselected profile.

As a further aspect of the disclosed concept, a method for
selectively forming a container is provided. The method
comprises: introducing a blank of material to tooling; form-
ing the blank of material to include a first sidewall, a second
sidewall and a bottom portion extending between the first
sidewall and the second sidewall; clamping the material
between the tooling proximate to the first sidewall and
proximate to the second sidewall to resist movement of the
material; and stretching the bottom portion to form a thinned
preselected profile.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be
gained from the following description of the preferred
embodiments when read in conjunction with the accompa-
nying drawings in which:
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FIG. 1 is a side elevation view of a beverage can and a
blank of material used to form the beverage can;

FIG. 2 is a side elevation view of one non-limiting
example of a container and a blank of from which the
container is formed in accordance with an embodiment of
the disclosed concept, also showing, in phantom line draw-
ing, a pre-formed blank of material in accordance with
another aspect of the disclosed concept;

FIG. 3 is a side elevation section view of tooling in
accordance with an embodiment of the disclosed concept;

FIG. 4 is a side elevation section view of tooling in
accordance with another embodiment of the disclosed con-
cept;

FIG. 5 is a top plan view of a portion of the tooling of FIG.
4;

FIG. 6 is a section view taken along line 6-6 of FIG. 5;

FIG. 7 is a section view taken along line 7-7 of FIG. 5;

FIG. 8 is an enlarged view of segment 8 of FIG. 6;

FIGS. 9A-9D are side elevation views of consecutive
forming stages of a cup, in accordance with a non-limiting
example embodiment of the disclosed concept;

FIGS. 10A-10C are side elevation views of consecutive
forming stages of a cup, in accordance with another non-
limiting example embodiment of the disclosed concept;

FIGS. 11A-11D are side elevation views showing the
metal thickness of the cup thinned in accordance with a
non-limiting example embodiment of the disclosed concept,
respectively showing the substantial uniform thickness of
the dome in a direction with the grain of the material, in a
direction against the grain, in a direction at 45 degrees with
respect to the grain, and in a direction 135 degrees with
respect to the grain;

FIG. 12 is a graph plotting the metal thickness of the dome
at various locations of the dome, in accordance with a
non-limiting example embodiment of the disclosed concept;
and

FIG. 13 is a graph plotting the metal thickness of the base
metal and of the dome at the various locations of the dome
of FIG. 12, for each of the directions of FIGS. 11A-11D, as
well as in the cross grain direction.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For purposes of illustration, embodiments of the disclosed
concept will be described as applied to cups, although it will
become apparent that they could also be employed to
suitably stretch the end panel or bottom portion of any
known or suitable can body or container (e.g., without
limitation, beverage/beer cans; food cans).

It will be appreciated that the specific elements illustrated
in the figures herein and described in the following speci-
fication are simply exemplary embodiments of the disclosed
concept, which are provided as non-limiting examples solely
for the purpose of illustration. Therefore, specific dimen-
sions, orientations and other physical characteristics related
to the embodiments disclosed herein are not to be considered
limiting on the scope of the disclosed concept.

Directional phrases used herein, such as, for example, left,
right, front, back, top, bottom, upper, lower and derivatives
thereof, relate to the orientation of the elements shown in the
drawings and are not limiting upon the claims unless
expressly recited therein.

As employed herein, the statement that two or more parts
are “coupled” together shall mean that the parts are joined
together either directly or joined through one or more
intermediate parts.
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As employed herein, the term “number” shall mean one or
an integer greater than one (i.e., a plurality).

FIG. 2 shows a blank of material 20 and a beverage can
22 having a selectively formed bottom profile 24 in accor-
dance with one non-limiting example of in accordance with
the disclosed concept. Specifically, as described in detail
hereinbelow, the material in the can bottom 24 and, in
particular the domed portion 26 thereof, has been stretched,
thereby thinning it. Although the example of FIG. 2 shows
a beverage can, it will be appreciated that the disclosed
concept can be employed to stretch and thin the bottom
portion of any known or suitable alternative type of con-
tainer (e.g., without limitation, food can (not shown)), or cup
(see, for example, cup 122 of FIGS. 9A-9D and 11A-11D,
and cup 222 of FIGS. 10A-10C), which is subsequently
further formed into such a container.

It will also be appreciated that the particular dimensions
shown in FIG. 2 (and all of the figures provided herein) are
provided solely for purposes of illustration and are not
limiting on the scope of the disclosed concept. That is, any
known or alternative thinning of the base gauge could be
implemented for any known or suitable container, end panel,
or cup, without departing from the scope of the disclosed
concept. In the non-limiting example of FIG. 2, the can body
22 has a wall thickness of 0.0040 inch and a substantially
uniform thickness in the can bottom 24 and dome 26 of
0.0098 inch. Thus, the material in the can bottom 24 has
been thinned by about 0.0010 inch from the base gauge of
the blank of material 20 of 0.0108 inch. It will be appreci-
ated that this is a substantial reduction, which results in
significant weight reduction and cost savings over conven-
tional cans (see, for example, the can body 2 of FIG. 1
having a can bottom 8 thickness of 0.0108 inch). Addition-
ally, among other advantages, this enables a smaller blank of
material to be used to form the same can body. For example
and without limitation, the blank 20 in the non-limiting
example of FIG. 2 has a diameter of about 5.325 inches,
whereas the blank 14 of FIG. 1 has a diameter of about 5.400
inches. This, in turn, enables a shorter coil width (not shown)
of material to be employed (i.e., supplied to the tooling),
resulting in less shipping cost.

Moreover, the disclosed concept achieves material thin-
ning and an associated reduction in the overall amount and
weight of material, without incurring increased material
processing charges associated with the stock material that is
supplied to form the end product. For example and without
limitation, increased processing (e.g., rolling) of the stock
material to reduce the base gauge (i.e., thickness) of the
material can undesirably result in a relatively substantial
increase in initial cost of the material. The disclosed concept
achieves desired thinning and reduction, yet uses stock
material having a more conventional and, therefore, less
expensive base gauge.

Continuing to refer to FIG. 2, it will be appreciated that
the disclosed concept could employ, or be implemented to be
employed with, preformed blanks of material 20'. For
example and without limitation, a preformed blank of mate-
rial 20" having a preformed dome portion 26' is shown in
phantom line drawing in FIG. 2. Such a preformed blank 20'
could be fed to the tooling 300 (FIG. 3), 300" (FIGS. 4-8) and
subsequently further formed into the desired cup 122 (FIGS.
9A-9D and 11A-11D), 222 (FIGS. 10A-10C) or container 22
(FIG. 1). One advantage of such a preformed blank of
material 20", is the ability of a plurality of such blanks 20' to
nest, one within another, for purposes of transporting and
shipping the blanks 20'. The preformed dome portion 26'
also provides a mechanism to grab and orient the blank 20’
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within the tooling 300 (FIG. 3), 300' (FIGS. 4-8), as desired.
Furthermore, it also enables the width of the blank 20' to be
still further reduced. For example and without limitation, in
the non-limiting example of FIG. 2, the preformed blank 20'
has a reduced diameter of 5.300 inches.

FIGS. 3-8 show various tooling 300 (FIG. 3), 300' (FIGS.
4-8) for stretching and thinning the container material (e.g.,
without limitation, blank; cup; can body), in accordance
with the disclosed concept. Specifically, the selective form-
ing (e.g., stretching) is accomplished by way of precise
tooling geometry and placement. In accordance with one
non-limiting embodiment, the process begins by introducing
a blank of material (e.g., without limitation, blank 20)
between components of a tooling assembly 300 (FIG. 3),
300' (FIGS. 4-8), and forming a standard flat bottom cup 122
(see, for example, FIGS. 9A and 10A) with base metal
thickness or gauge.

As shown in FIGS. 3 and 4, the tooling preferably
includes a forming punch 304 (FIG. 3), 304' (FIG. 4), and a
lower tool assembly 306 (FIG. 3), 306' (FIG. 4). After the
cup 122 is formed, the forming punch 304 continues moving
downward, pushing the cup 122 lower until the cup 122
contacts a lower pad 308,308'. In the non-limiting embodi-
ment shown and described herein, the lower pad 308 has a
contoured step bead 310 (best shown in the enlarged view of
FIG. 8 as step bead 310' in lower pad 308"), although it will
be appreciated that such a step bead is not required. The
contoured step bead 310,310' facilitates holding the material
substantially stationary, for example, by crimping it and
locking the material just inboard of the cup sidewall 124, as
shown in FIG. 8. In this manner, the material in the sidewall
124 is held securely, preventing it from sliding or flowing
into the bottom portion 128 of the cup 122. Accordingly, it
will be appreciated that the disclosed concept differs sub-
stantially from conventional container bottom forming (e.g.,
without limitation, doming) methods and apparatus. That is,
while the side portions of the cup or container in a traditional
forming process might be clamped, relatively little pressure
is applied so that movement (e.g., sliding; flowing) of the
material into the bottom portion of the cup or container is
promoted. In other words, traditionally clamping and
stretching the material in the bottom portion of the container
was expressly avoided, so as to maintain the thickness of the
material in the bottom portion.

It will be appreciated that the aforementioned step bead
310,310' is not a required aspect of the disclosed concept.
For example, FIGS. 9A-9D illustrate the consecutive steps
or stages of forming a non-limiting example cup 122 in
accordance with an embodiment of the disclosed concept
wherein the tooling 300,300' includes the step bead 310,
310", whereas FIGS. 10A-10C illustrate the consecutive
forming stages of a cup 222 in accordance with another
embodiment of the disclosed concept wherein the tooling
does not include any step bead. It will be appreciated that
while four forming stages are shown in FIGS. 9A-9D and
three forming stages are shown in the example of FIGS.
10A-10C, that any known or suitable alternative number
and/or order of forming stages could be performed to
suitably stretch and thin material in accordance with the
disclosed concept. It will further be appreciated that any
known or suitable mechanism for sufficiently securing the
material to resist movement (e.g., sliding) or flow of the
material into the bottom portion 128 (e.g., dome 130) could
be employed, without departing from the scope of the
disclosed concept. For example and without limitation,
pressure to secure the sides 124,126 of the cup 122 or
container body 22 (FIG. 2), or locations proximate thereto,
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can be provided pneumatically, as generally shown in FIG.
3, or by a predetermined number of biasing elements (e.g.,
without limitation, springs 312,314), as shown in FIGS. 4-7,
or by any other know or suitable holding means (e.g.,
without limitation, hydraulic force) or mechanism (not
shown).

In accordance with one non-limiting embodiment of the
disclosed concept, it will be appreciated that although the
material is clamped (e.g., secured in a substantially fixed
position) so as not to permit it to move (e.g., slide) or flow,
and to instead be stretched in a subsequent forming step, the
amount of force (e.g., pressure) that is necessary to apply
such a clamping effect, is preferably minimized. In this
manner, it is possible to provide the necessary clamping
force to facilitate the disclosed stretching and thinning,
without requiring a different press (e.g., without limitation,
a press having greater capacity) (not shown). Accordingly,
the disclosed concept can advantageously be readily
employed with existing equipment in use in the field, by
relatively quickly and easily retooling the existing press.

Table 1 quantifies the clamping force and deflection
resulting from employing different numbers (e.g., 5; 10; 20)
of springs (e.g., without limitation, springs 312,314) to
apply the clamping force in accordance with several non-

limiting example embodiments of the disclosed concept.
TABLE 1
deflec- deflec-
tion load tion load x5 x10 x20
(mm) (kg) (in) (lbs) springs springs springs
4 6.2% 60 0.16 1322 661.2 1,322.4 2,644.8
10.4 16.0% 156 0.41  343.8 1,719.1 3,438.2 6,876.5
11 16.9% 176 0.43 3879 19395 3,879.0 7,758.1
13 20.0% 195 0.51 429.8 2,1489 4,297.8 8,595.6

Once the peripheral material is suitably clamped (e.g.,
secured in a substantially fixed in position, as shown for
example and without limitation in FIG. 8), the punch 304'
continues to move downward, forcing the material in the cup
bottom area 128 to be forced into the contour 316 (FIGS.
6-8) of the tools 300" causing the material to stretch into the
contoured shape 130 (FIGS. 9D, 10C, 11A-11D, 12 and 13),
thereby thinning the material. A non-limiting example of a
cup 122 which has been formed in accordance with this
process is shown in FIGS. 9A-9D (tooling 300" includes step
bead 310"). Another example cup 222 is shown in FIGS.
10A-10C (tooling does not include step bead). It will be
appreciated, for example with reference to FIG. 9D, that the
material in the dome portion 130 (FIGS. 9D and 11D), 230
(FIG. 106) can be stretched and, therefore, thinned by up to
about 0.001 inch, or more. It will also be appreciated that
while the contoured shape in the example shown and
described herein is a dome 130,230, that any other known or
suitable alternative shapes could be formed without depart-
ing from the scope of the disclosed concept.

Referring to FIGS. 9C, 9D, 11A-11D, 12 and 13, it will be
appreciated that the stretched material of the dome portion
130 is also advantageously substantially uniform in thick-
ness. More specifically, the material is uniform in thickness
not only for various locations (see, for example, measure-
ment locations A-I of FIGS. 12 and 13) along the width or
diameter of the dome 130, as shown in FIGS. 9C (partially
formed cup dome 130") and 9D (completely formed cup
dome 130), but also in various directions, such as with the
grain as shown in FIGS. 11A and 13, against the grain as
shown in FIGS. 11B and 13, at 45 degrees with respect to the
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grain as shown in FIGS. 11C and 13, and at 135 degrees with
respect to the grain, as shown in FIGS. 11D and 13. The
graphs of FIGS. 12 and 13 further confirm these findings.
FIG. 13 shows, in one graph, a plot of the metal thicknesses
at locations A-I for each of the foregoing directions with
respect to the grain, as well as in the cross grain direction.

Accordingly, it will be appreciated that the disclosed
concept provides tooling 300 (FIG. 3), 300'(FIGS. 4-8) and
methods for selectively stretching and thinning the bottom
portion 24 (FIG. 2), 128 (FIGS. 9A-9D and 11A-11D), 228
(FIGS. 10A-10C) of a container 22 (FIG. 2) or cup 122
(FIGS. 9A-9D and 11A-11D), 222 FIGS. 10A-10C), such as
a domed portion 26 (FIG. 2), 130 (FIGS. 9D and 11A-11D),
230 (FIG. 10C), thereby providing relatively substantially
material and cost savings.

While specific embodiments of the disclosed concept
have been described in detail, it will be appreciated by those
skilled in the art that various modifications and alternatives
to those details could be developed in light of the overall
teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and
not limiting as to the scope of the disclosed concept which
is to be given the full breadth of the claims appended and any
and all equivalents thereof.

What is claimed is:

1. Tooling for selectively forming a blank of material into
a metallic container, the container including a first sidewall,
a second sidewall, and a bottom portion extending between
the first sidewall and the second sidewall, the tooling com-
prising:

an upper tooling assembly; and

a lower tooling assembly,

wherein the blank of material is clamped between the

upper tooling assembly and the lower tooling assembly,
proximate to the first sidewall and proximate to the
second sidewall,

wherein the bottom portion is stretched and thereby

thinned relative to the first sidewall and the second
sidewall to form a thinned preselected profile, the
profile having a width and a grain,

wherein the thinned preselected profile is uniform in

thickness along the width of the profile, and

wherein the thinned preselected profile is uniform in

thickness independent of the grain of the profile.

2. The tooling of claim 1 wherein the upper tooling
assembly comprises a forming punch; wherein the lower
tooling assembly comprises a pad; and wherein the forming
punch moves the blank of material into contact with the pad.

3. The tooling of claim 1 wherein the thinned preselected
profile is a dome.

4. The tooling of claim 3 wherein the blank of material has
a base gauge prior to being formed; wherein, after being
formed, the material of the container at or about the dome
has a thickness; and wherein the thickness of the material at
or about the dome is less than the base gauge.

5. The tooling of claim 4 wherein the thickness of the
material at or about the dome is between 0.0003 inches and
0.002 inches thinner than the base gauge.

6. The tooling of claim 1 wherein the container is a can
body.

7. The tooling of claim 1 wherein the container is a cup.

8. The tooling of claim 1 wherein the lower tooling
assembly comprises a plurality of radially disposed springs
each structured to apply a clamping force to clamp the blank
of material between the upper tooling assembly and the
lower tooling assembly.
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9. Tooling for selectively forming a blank of material into
a metallic container, the container including a first sidewall,
a second sidewall, and a bottom portion extending between
the first sidewall and the second sidewall, the tooling com-
prising:

an upper tooling assembly;

a lower tooling assembly;

wherein the blank of material is clamped between the

upper tooling assembly and the lower tooling assembly,
proximate to the first sidewall and proximate to the
second sidewall,;

wherein the bottom portion is stretched and thereby

thinned relative to the first sidewall and the second
sidewall to form a thinned preselected profile, the
profile having a width and a grain;

wherein the thinned preselected profile is uniform in

thickness along the width of the profile;

wherein the thinned preselected profile is uniform in

thickness independent of the grain of the profile;
wherein the upper tooling assembly comprises a forming
punch;

wherein the lower tooling assembly comprises a pad;

wherein the forming punch moves the blank of material

into contact with the pad; and

wherein the pad includes a step bead structured to crimp

and lock the blank of material between the upper
tooling assembly and the lower tooling assembly.

10. The tooling of claim 9

wherein the lower tooling assembly further comprises a

contour; wherein the contour engages and stretches the
bottom portion to form the thinned preselected profile.

11. A method for selectively forming a metallic container,
the method comprising:

introducing a blank of material to tooling;

forming the blank of material to include a first sidewall,

a second sidewall and a bottom portion extending
between the first sidewall and the second sidewall;
clamping the material between said tooling proximate to

the first sidewall and proximate to the second sidewall
to resist movement of the material; and

stretching and thereby thinning the bottom portion rela-

tive to the first sidewall and the second sidewall to form
a thinned preselected profile, wherein the thinned pre-
selected profile is uniform in thickness along the width
of the profile.

12. The method of claim 11, wherein said thinned prese-
lected profile is a dome.

13. The method of claim 12, further comprising forming
the material of the container at or about the dome to have a
substantially uniform thickness.

14. The method of claim 12, wherein the blank of material
has a base gauge prior to being formed; wherein, after being
formed, the material of the container at or about the dome
has a thickness; and wherein the thickness of the material at
or about the dome is less than the base gauge.

15. The method of claim 14 wherein the thickness of the
material at or about the dome is between 0.0003 inches and
0.002 inches thinner than the base gauge.

16. The method of claim 11 wherein the container is a can
body.

17. The method of claim 11 wherein the container is a cup.

18. The method of claim 11 wherein said tooling com-
prises a plurality of radially disposed springs.

19. The method of claim 18 further comprising applying
a supplemental clamping force to the material with said
plurality of radially disposed springs.
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